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(57) ABSTRACT 

Pinion gears for planetary gear transmissions are hobbed, 
heat treated, and then ground to get better control of the 
leads/profiles on all the gear teeth. Then a light shot peening 
is applied to the tooth flanks to achieve the desired compres 
sive residual stresses on the tooth surface. By applying the 
process in the controlled manner specified, the Surface is not 
over-cold worked. Next, a chemically assisted isotropic Sur 
face treatment is applied over the pinion gears to improve the 
Surface finish on the gear teeth. For low speed applications the 
Surface finish improves the lambda ratio, allowing for a good 
oil film thickness on the surface of the gear teeth. 
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PROCESS OF OURABILITY IMPROVEMENT 
OF GEAR TOOTH FLANK SURFACE 

FIELD OF THE INVENTION 

The present invention relates generally to vehicle transmis 
sions. More particularly, the present invention relates to 
toothed gears Such as those found in planetary gear transmis 
sions. Specifically, the present invention relates to methods 
for treating Such gears during the gear manufacturing process 
to improve gear durability. 

BACKGROUND OF THE INVENTION 

Vehicle power levels are increasing at a steady rate. 
Increased power dramatically reduces the life of drive train 
components, with the weakest area typically being the axle 
final drive planetary gear reduction. For example in some 
agricultural tractors the final drive planetary gear reduction is 
6:875:1. The highest stress component is the sun gear. Typi 
cally, Sun gears fail from pitting caused by very high com 
pressive stresses on the tooth Surface. Often packaging con 
straints in both diameter and width prevent gear designers 
from developing a new larger design to transmit the increased 
power. Standard gears are manufactured by a hobbing, shav 
ing, and heat-treating operations. There can be considerable 
geometry distortion of the gear leads and profiles after heat 
treatment. In addition, the Surface doesn't have enough com 
pressive residual stress to Sustain a long life under severe 
loading. Accordingly there is a need in the art for a new gear 
manufacturing method that yields greater than a five time 
increase in Sun gear durability, without changing the overall 
size of the existing planetary. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the invention to 
provide an improved method for producing gears. 

Another object of the invention is the provision of such a 
method that provides an increase in gear durability. 
A further object of the invention is to provide such a 

method that does not distort or otherwise change the gear 
leads or profiles. 
An additional object of the invention is the provision of 

Such a method that reduces the amount of pitting failures of 
gears caused by high compressive stresses on the tooth Sur 
face. 

According to the invention the Sun gear is hobbed, heat 
treated, and then ground to get better control of the leads/ 
profiles on all the gear teeth. Then a light shot peening is 
applied to the tooth flanks to achieve the desired compressive 
residual stresses on the tooth Surface. By applying the process 
in the controlled manner specified, the Surface is not over 
cold worked. Next, a chemically assisted isotropic Surface 
treatment is applied over the Sun gear to improve the Surface 
finish on the gear teeth. For low speed applications (0.5 m/s 
surface velocities common in tractor final drives) the surface 
finish is absolutely critical for improving the lambda ratio, 
allowing for a good oil film thickness on the Surface of the 
gear teeth. Often, slow speed gears can’t maintain a proper oil 
film, causing metal on metal contact, leading to premature 
pitting failures. 

Also according to the invention, the planetary gears that 
mesh with the Sun gear are ground, and have the isotropic 
finish process applied to the gear Surface for the reasons 
described above. 
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2 
The foregoing and other objects of the invention together 

with the advantages thereof over the known art which will 
become apparent from the detailed specification which fol 
lows are attained by a method for improving the durability of 
a pinion gear comprising the steps of grinding tooth flanks on 
the pinion gear, shot peening the tooth flanks of the pinion 
gear, and, polishing Surfaces of the tooth flanks using a 
chemically assisted Surface finishing process. 
To acquaint persons skilled in the art most closely related to 

the present invention, one preferred embodiment of the inven 
tion that illustrates the best mode now contemplated for put 
ting the invention into practice is described herein by and with 
reference to, the annexed drawings that form a part of the 
specification. The exemplary embodiment is described in 
detail without attempting to show all of the various forms and 
modifications in which the invention might be embodied. As 
such, the embodiment shown and described herein is illustra 
tive, and as will become apparent to those skilled in the art, 
can be modified in numerous ways within the spirit and scope 
of the invention the invention being measured by the 
appended claims and not by the details of the specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a complete understanding of the objects, techniques, 
and structure of the invention reference should be made to the 
following detailed description and accompanying drawings, 
wherein: 

FIG. 1 is a flow chart illustrating the steps of the method of 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference now to FIG. 1 it can be seen that the steps of 
the method of the present invention are illustrated by way of 
a flow chart. At 10 pinion gears Such as Sun or planetgears for 
a planetary transmission preferably made from a carburized 
and hardened steel having a surface hardness of 58-64 RC are 
hobbed, heat treated, and then ground to get better control of 
the leads/profiles on all the gear teeth. 
At 12 the tooth flanks of the pinion gears are shot peened. 

Preferably the shot peening process uses a steel shot having a 
hardness of 55-62 RC and a diameter of 0.010-0.025 inches. 
The intensity of shot peening is expressed in the arc height of 
the Almen A-Strip being in the range of 0.008-0.014 inches. 
The pinion gear tooth flanks are shot peened to attain a cov 
erage between 100% and 200%. 
At 14 the pinion gears may be placed in a holding fixture 

with like parts and placed in a vessel Such as a rotatable drum 
with a vibratory media and a cleaning chemical Such as com 
mercially available Castrol Kleen 3660TM. At 16 the drum is 
then rotated and vibrated for a period of time to thoroughly 
clean the gears before further treatment. It has been found that 
planetary final drive gears should preferably be cleaned for 
approximately 240 minutes before further treatment. 
At 18 the cleaner is replaced with an acid for further treat 

ment, or the gears are transferred to another vessel containing 
an acid and vibratory media. At 20 the vessel or drum is again 
rotated and vibrated to further polish the gears. The acid used 
at steps 16-20 is preferably one of a number of proprietary 
compounds commercially available from e.g. REM Chemi 
cals Inc. of Southington, Conn. This is an isotropic finishing 
process wherein the chemical (acid) makes Surface asperities 
on the gear hard and brittle. The vibratory media then polishes 
off the now brittle asperities as the holding vessel is rotated 
and vibrated, leaving a very Smooth surface. 
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Those having skill in the art will recognize that surface 
finish is critical on low speed gears for developing better 
lambda ratio (a ratio of oil film thickness to the surface rough 
ness on the gear tooth surface). The Smoother the tooth Sur 
face is, the bigger the lambda ratio and Subsequently the gear 
surface durability. One of the advantages of the invention is 
that it creates a tooth surface that can achieve higher lambda 
ratio in the slow speed final drive Sun gears. For pinion gears 
of planetary final drives the isotropic process is continued 
until the gear tooth flanks attain a maximum roughness (Ra) 
of 10 micro-inches (measured in the profile direction). It has 
been found that gears such as those described above will 
attain the desired Smoothness after approximately 40 min 
utes, however those having skill in the art will recognize that 
the time required will vary depending on the chemical and 
vibratory media used as well as the amount of vibration and 
may further vary depending on the characteristics of the par 
ticular part being treated. 

Based on laboratory test results in several final drive appli 
cations, the above-described invention provides a minimum 
offive times increased life. Resulting in a significant increase 
in planetary gear reliability—a common problem on many 
drive train products. Thus the need to increase the size of 
planetary gears for increased power is obviated, resulting in 
less costly gears. The invention provides the increased life by 
changing the Sun and planet gear finishing processes, leaving 
the overall package size and other components identical. The 
total life improvement has potential to be even more than five 
times. 

Thus it can be seen that the objects of the invention have 
been satisfied by the structure presented above. While in 
accordance with the patent statutes, only the best mode and 
preferred embodiment of the invention has been presented 
and described in detail, it is not intended to be exhaustive or to 
limit the invention to the precise form disclosed. Obvious 
modifications or variations are possible in light of the above 
teachings. The embodiment was chosen and described to 
provide the best illustration of the principles of the invention 
and its practical application to thereby enable one of ordinary 
skill in the art to utilize the invention in various embodiments 
and with various modifications as are Suited to the particular 
use contemplated. All Such modifications and variations are 
within the scope of the invention as determined by the 
appended claims when interpreted in accordance with the 
breadth to which they are fairly and legally entitled. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A method for improving the durability of a pinion gear 
comprising the steps of 

hobbing and heat treating the pinion gear; 
grinding tooth flanks on the pinion gear after hobbing and 

heat treating the pinion gear; 
shot peening the tooth flanks, after grinding the tooth 

flanks, of the pinion gear, and, 
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4 
polishing Surfaces of the tooth flanks, after shot peening, 

using a chemically assisted Surface finishing process to 
obtain a maximum tooth flank Surface roughness (Ra) of 
10 micro-inches, as measured in the profile direction), 
the chemically assisted Surface finishing process being 
an isotropic process wherein a chemical bath is applied 
to the gear to make Surface asperities on the gear hard 
and brittle and a vibratory media is then used to polish 
off the brittle asperities. 

2. A method for improving the durability of a pinion gear as 
set forth in claim 1, wherein the pinion gear is made of a 
carburized and hardened steel. 

3. A method for improving the durability of a pinion gear as 
set forth in claim 1, wherein the pinion gear has a Surface 
hardness of 58-64 RC before hobbinq and heat treating the 
pinion gear. 

4. A method for improving the durability of a pinion gear as 
set forth in claim 3, wherein, in the shot peening step, the 
tooth flanks of the pinion gear are shot peened with a medium 
having a hardness of 55-62 RC. 

5. A method for improving the durability of a pinion gear as 
set forth in claim 4, wherein, in the shot peening step, the 
tooth flanks of the pinion gear are shot peened with a medium 
having a diameter of 0.010-0.025 inches. 

6. A method for improving the durability of a pinion gear as 
set forth in claim 5, wherein the shot peening intensity of the 
shot peening step of the pinion gear is expressed in the arc 
height of the Almen' A-strip being in the range of 0.008 
0.014 inches. 

7. A method for improving the durability of a pinion gear as 
set forth in claim 6, wherein a shot peening coverage of the 
shot peening process of the pinion gear is in the range of 
100-200%. 

8. A method for improving the durability of a pinion gear as 
set forth in claim 4, wherein the shot peening medium is steel 
shot. 

9. A method for improving the durability of a pinion gear as 
set forth in claim 1, wherein the pinion gear is a Sun pinion 
that is part of a planetary final drive of a vehicle and a driving 
member of the final drive. 

10. A method for improving the durability of a pinion gear 
as set forth in claim 1, wherein the pinion gear is a planet gear 
that meshes with a Sun pinion in a planetary final drive of a 
vehicle. 

11. A method for improving the durability of a pinion gear 
as set forth in claim 1, wherein the chemical bath and vibra 
tory media are placed in a drum along with the pinion gearand 
the drum is vibrated and rotated. 

12. A method for improving the durability of a pinion gear 
as set forth in claim 1, wherein the chemically assisted surface 
finishing process comprises first placing the pinion gear in a 
chemical bath with a cleaner, and then placing the pinion gear 
in a chemical bath with an acid. 
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